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Abstract - A two-year field experiment with spring barley in an organic mixed crop rotation showed contrasting results between the two years in the response to the tested factors: Variety, location in the crop rotation, and organic manure application.  The yields of the varieties differed due to attacks of different airborne leaf diseases. In one of the years the “high fertility” position of the barley the 1st year after grass-clover gave unexpectedly lower grain yields than the position four years after grass-clover.




Spring barley is the most common cereal type in Danish organic crop production, grown on about 30% of the area with organic cereal grain production. The grain production requires extensive knowledge about crop responses to different growing conditions due to the limitations in nutrient import and exclusion of pesticides. The growing conditions include the soil fertility level and the amount and type of applied animal manure. Also root characteristics of the varieties, which may influence the nutrient uptake from the soil, may be important. These factors were tested in a long-term organic mixed crop rotation experiment at Research Centre Foulum. 

The field experiment
The soil type was loamy sand with 7.7% clay in the plough layer. A six-field crop rotation (barley – 1st and 2nd year grass-clover – pea/barley mix – cereal – maize/fodder beet) was started in 1987.  From 1994 each field was divided into four manure treatments with four replicates. Each manure treatment represented a farming system with 0.7-0.9 LU ha-1 and slurry (0.7S), 1.4 LU ha-1 and slurry (1.4S), 0.7-0.9 LU ha-1 and FYM (0.7FYM) and 1.4 LU ha-1 and FYM (1.4FYM), respectively (LU=livestock unit). The manure application to the crops in the rotation was optimized within each farming systems. Results and treatment adjustments are described in e.g. Eriksen et al. (2004). In 2003 the manure application to the 0.7FYM treatment was changed to nil (0FYM), and the pea/barley mixture was replaced by spring barley. This change in the crop rotation allowed for the comparison of the spring barley performance one (1SB) and four years (4SB) after grass-clover.  Six different spring barley varieties (Otira, Orthega, Landora, Brazil, Svani, Edel) and two variety mixtures (Mix1: Otira, Orthega and Landore; Mix 2: Brazil, Svani and Edel) were tested within each combination of field, manure treatment and replicate. The varieties represented different types with respect to disease resistance and growth patterns. The experiment was carried out in 2003 and 2004, and described more detailed in Askegaard et al. (2006). 










Spring barley at different fertility levels
Due to the fertility-building qualities of grass-clover leys we expected the highest yields in the SB1 position. However in 2003 this was not the case (Fig. 1), and the barley appeared uneven and tufted with clear symptoms on potassium (K) deficiency in the spring. 
	From spectral reflectance measurements we observed that the spring barley growth in both years was delayed in the SB1 position compared to SB4, where maize was the pre-crop (data not shown). We assume that the problems were related more to turnover processes of the organic material than to problems with K-deficiency.  Normally spring barley is tolerant of low soil K-status and visual symptoms do not necessarily indicate yield limitations (e.g. Askegaard et al., 2002).
	
Figure 1. Grain yields (t DM ha-1) and grain N content (% of DM) in spring barley grown one year (SB1) and four year (SB4) after grass-clover (P=significance level) in 2003 and 2004.  

From a quality point of view the SB1 position showed the best result with the highest N content (crude protein) of the grains in both years.

Slurry versus farmyard manure
In both fields the grain yields were highest in the treatments with high input of manure, but the effect of the manure types varied. In 2003 in SB4 the grain yields in the 1.4S treatment (4.5 t DM) was higher than in the 1.4FYM treatment (4.2 t DM ha-1). 
	In contrast to this, and despite a similar (SB1) or a lower (SB4) application of plant available N in FYM (Table 1), we measured significantly higher grain yields in the 1.4FYM treatment (avg. 4.3 t DM ha-1) than in the 1.4S treatment (avg. 4.0 t DM ha-1) in 2004 in both fields. This difference was clear already 30 days after emergence where DM analyses showed significantly higher DM production in the 1.4FYM treatment compared with the 1.4S treatment (data not shown). FYM has been applied to these treatments for 10 years and it is likely that residual effects from the FYM influenced the results and not only the immediate plant-available N.

Performance of the varieties
The tested varieties performed differently in 2003 and 2004 (Fig. 2), mainly due to different attacks of leaf diseases where net blotch predominated in 2003 and attacked especially Otira. Powdery mildew predominated in 2004 and attacked especially Brazil and Orthega.  We measured relatively low attacks in the variety mixtures and higher attacks in the SB1 field than in the SB4 field (data not shown). The experiment demonstrates the effect of variety mixtures in the reduction of potential yield decreases due to spontaneously occurring leaf diseases.
	Both years we registered low disease attacks in Svani. Probably, the low yield in 2003 in SB1 was a reaction to the turnover of the grass-clover pre-crop.
	We measured differences in root growth rates and root depths between the varieties. Both years Svani had the largest root depth to about 1 m and Orthega and Otira the lowest root depth to about 0.8 m. We had expected an interaction between the yields of the varieties and the manure treatments. However, due the generally high fertility level, also at the SB4 position, and sufficient amounts of phosphorus in the soil the differences in the root development did not influence the results. 
Figure 2. Grain yields (t DM ha-1) in 2003 (LSD0.95=0.17 t DM ha-1) and 2004 (LSD0.95=0.29 t DM ha-1) in spring barley grown 1st year (SB1) and 4th year (SB4) after grass-clover. 

Conclusions
There were significant effects of the position in the crop rotation and the manure application on the spring barley grain yields, but the effects varied with the year. The spring barley performance appeared to be very sensitive to external growth factors like climate and leaf diseases.  




This experiment was part of the BAROF project funded by DARCOF.
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